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1. InceprauiiiHa po60Ta NpUCBSIYEHA JOCTIIKEHHIO KOJIEKTUBHUX 30YIPKEeHb Y 6iHApHUX PifjiHaxX 3a JOIIOMOT0I0
KOMOiHallii KOMIT'IOTEPHOT0 MOJIe/II0OBaHHS METOIOM ab initio MosieKyJIsIpHOI IMHAMIKM Ta TEOPETUYHOTO aHaJIi3y Ha
OCHOBI y3arasibHeHoi rispoguHamiku. O6'ekTamu JociikeHHs € ionnuil posmias NaCl, okeugauii posnnias Al203
Ta MofesIbHa 6iHapHa piguHa Koba-AHIepceHa, sIKa € CTaHJAPTHO MOJEJIIIIO 1711 BUBYEHHS CKIO(QOPMYIOUNX
GiHapHUX pinuH. Imes TeopeTHYHOro aHasizy MoJsirae B 3HaxXOKEHHI BJIaCHUX AUHAMIYHUX MOJ y3araJbHEHOTO
piBHsIHHS JlaH)K€BEHa, SIKi BiATBOPIOIOTh YaCOBi KopeJisLiiiHi PyHKLii, oTprMaHi B MOAeI0BaHHi ab initio
MOJIEKYJISIPHOIO JUHAMIKOIO. JI7151 i€ TeOpeTHYHOi METOAMKY HEOOXiJHO NOOYAyBaTH y3arajJbHEHY TiipOgMHAMIYHY
MaTpUILIO Ta 3HANUTH ii BjacHI Mo Ta BiacHi Bekropu. OfHak, y ab initio mosnexysspHii guHamini (AIM]I)

BMHUKAIOTh [IPUHLMIIOBI IIPOGJIEMH Y PO3PaxyHKax IPOCTOPOBUX Dyp'e-KOMIIOHEHT I'yCTUHU €HEPTil B paMKax



(yHKULiOHAJy €JIeKTPOHHOI I'ycTUHU. ToMy, B POOOTi 3alIpONIOHOBAHO BUKOPUCTOBYBATU €()EKTUBHY CXEMY
BiITBOPEHHSI YaCOBUX KOpeJISLiMHNX QYHKLIN B paMKaxX TEPMOB'I3KOIIPY>KHOI MOJIeJli, KOJIM MAaTPU4Hi eJIEeMEeHTH,
IIOB's13aHi 3 PJIyKTyallisiMU I'YCTUHY €Heprii € IapameTpaMH, SKi BU3HAYal0ThCsl 3 HAKPAIlOro BiiTBOPEHHS
TEOPETUYHMMU (PYHKLISIMY MIECTU NapLiaJIbHUX YACOBUX KOPEJSLiNHNX QyHKLiHM, oTpuMmanux 3 AIMI. [1pu npomy
3alPOIIOHOBAHWM MMiAXif, TO3BOJISIE 3300BIJIBHUTY TOYHI IIPABUJIA CYM 3 TOYHICTIO O YETBEPTUX YACTOTHUX
MOMEHTIB NIapLjiaIbHUX NUHAMIYHUX CTPYKTYpHUX PakTopiB. [lapameTpu nifnacyBaHHs JOAATKOBO 33[10BiIbHSIIOTh
HepiBHOcTi Komi-1lIBaplia, OCKiIbKY BOHU € KOPEJSILiHHUMU (PYHKLISIMY, 11O € J0aTKOBOIO [IEPEBArolo 4aHoro
Mertoay. Ha nmpakTuili, BUKOPUCTAaHHS 3alIpOIIOHOBAHOTO MiAX04Y Ha OCHOBI BOCbMU-3MIHHOI TEPMO-B'SI3KOIIPYKHOI
MogeJii BUsIBUIIOCh e(DeKTUBHUM [IJI51 BiITBOPEHHS YaCOBUX KOPEJIALINHNX (PYHKLIHN, 110 HiATBepaKye IPaBUIIbHICTD
TEOPeTUYHOro Mifxony. IlepeBipeHo sKiCTh BiATBOPEHHS NapLiiajIbHUX YaCOBUX KOPEJISIiHUX QYHKIiH NOTIK-TIOTIK
Ta I'yCTUHA-TYCTUHA [J15 po3IiaBy okcuny Al203 Ta ionHoro posmiaBy NaCl i orpumaHo aucnepcii KoJleKTUBHUX
30yIyKeHb, BUKOPHCTOBYIOYM PO3PO0OJIEHY METOAMKY. AHaJIi3 0COBIMBOCTEN AUCIIEPCii aKyCTUYHUX Ta ONTUIHUX
KOJIEKTUBHUX 30y/I>)K€Hb [IPOBEJEHO /1JIs1 po3IlyiaBy okcuny Al203 Ta ioHHoro posmiasy NaCl. [IposeneHo
IIOPiBHSIHHS 3 JUCIIEPCi€l0 KOJIEKTUBHUX 30y/I’)K€Hb, OTPMMAaHUX 3 LIECTHU-3MIHHOTO B'SS3KOIPYKHOT'O HAOIV>KEHHS.
[TokasaHo, O B'SI3KONPY>KHA MOZENb HE 3[aTHA NIPABUJILHO BiITBOPUTH MOBEAIHKY YaCOBMX KOPEJISLINHNAX (PYHKLIN
Ta AUCIEePCilo KOJeKTUBHUX Mo, OfHAK, B paMKaX 3allpOIIOHOBAHOiI BOCbMHU-3MIHHOi METOAMKYU OyJI0 OTPUMaHO
IOIATKOBY BiTKy ITPONAraTOpPHUX 30y’KE€Hb B JOBIOXBUJIbOBIN 06J1aCTi, 1110 [JO3BOJIUIIO NyXKe N0Ope BiITBOPUTU
4yacoBi KopessuiiHi QyHkuii, orpumani 3 AIMJI. lucniepciro i 3aracaHHs TpPbOX TiJIOK BJIACHUX [IPONIAaraTOPHUX MO,
MIOPIBHSIHO 3 YMCJIOBMMU OLIiIHKAaMU 3 I10JIOK€Hb MAKCMMYMIB BiJTIOBiTHMX CIIEKTPaJIbHUX (PYHKLiI IOTOKY ZJIsl TOTO,
1106 3p0O3yMiTU POJIb MOB3LLOBXHUX aKycTUYHUX (LA), mo3n0BxHiX i nonepeynux (LO i TO) onTuyHuX 36yI)KEHb Y
KOJIEKTMBHIN AuHaMilli 6iHapHUX po3IiaBiB. [ ionHux posnasiB NaCl Ta AI203 BcTaHOBJIEHO, 1O 10JATKOBA
BiTKa BJIaCHUX JVUHAMIiYHMX MOJ, 3 BOCbMU-3MiHHOI Moiesi oope crniBnagae 3 yacroramu TO 36ymKxeHs. Le
CBiTYUTh PO edeKTU 3a4eryIeHHS TOB3LOBXKHBOI Ta MONIEPEYHOi AUHAMIKY B JOBrOXBUJIHOBIM 06I1ACTi /1711 iOHHUX
PO3I171aBiB, MEXaHi3M SKOTO Ha JaHUI Yyac BUMarae obdyZoBU HOBUX TEOPETUYHUX MOJiesIel 3 He-JI0KaJIbHOIO (3
Pi3HMMU XBUJIbOBUMU YHCJIAMU) B3aeMOJ €0 MO, JJOCIiIpKEHO NONepeyHi KOJIEKTUBHI 30yI)K€HHS B MOZEJIi
6inapHoi pizuau Koba-AHnepceHa 1715l pisHUX CIIiBBiIHOIIEHb Mac KOMIIOHEHT R 3a ¢ikcoBaHOi I'yCTUHU PiiUHU.
BcTaHOBJIEHO 3pOCTaHHS YaCTOTH NIOTIEPEeYHUX ONTUYHUX MOJ, Ta 301/IbIIeHHS IiIJIMHY [ 3CYBHUX XBUJIb 3 POCTOM
R. [TopiBHSIHHS pe3yJIbTaTiB KOMII'IOTEPHOTO MOJEJIIOBAHHS 3 TEOPETUYHUM BUPA30M JJ1s1 LIiIIMHU 3CYBHUX XBUJIb B
IIPOCTUX PifjHAX MOKa3ajlo He 3aCTOCOBHICTb TEOPii NPOCTUX PiiVH 1711 ONUCY LIiIIVHY 3CYBHUX XBUJIb B OiHApHUX
piguHax yepes HasBHICTb KPOC-KOPEJISILii MixK (JIyKTyalisiMy IIOBHOT'O MacOBOT0 i Mac-KOHLIEHTPALiTHUX IIOTOKIB.
3anpornoHOBaHO Ta PO3B'sI3aHO aHAJIITUYHO B JOBrOXBUJIBOBIH 00J1acTi 4-3MiHHY JMHaMiyHa MOJeJb OJ1s1
[IONIEPEYHOi AMHAMIK/ 6iHApHOI PiAVHY 3 IBHUM BPaxyBaHHSIM TaKAX KpOC-KopeJsiliid. OTPMMAaHO PiBHSIHHS AJ1S
IIiJTMHY 3CYBHUX XBUJIb Y GIHAPHUX PifMHaX KA NO3BOJISIE MTOSICHUTY 3POCTAaHHS Ta 3HUKHEHHS LIiJINHYU 3CYBHUX

XBUJIb 3 pOCTOM R.

2. The thesis is devoted to the study of collective excitations in binary liquids using a combination of ab initio
molecular dynamics (AIMD) computer simulations and theoretical analysis based on generalised hydrodynamics.
The objects of study are the ionic melt NaCl, the oxide melt Al203, and the Kob-Andersen model binary fluid,
which is a standard model for studying glass-forming binary fluids. The idea of the theoretical analysis is to
estimate eigenmodes of the generalized Langevin equation, which recover the time correlation functions obtained
from ab initio molecular dynamics simulation. In this theoretical methodology, one needs to construct a
generalised hydrodynamic matrix and find its eigenmodes and eigenvectors. However, in ab initio molecular
dynamics, an essential problem arises in calculating the spatial Fourier components energy density within the
framework of the density functional theory. Therefore, in this work, we propose to use an efficient scheme for
recovering the time correlation functions within the framework of the thermo-viscoelastic model, when the matrix
elements associated with the energy density fluctuations are parameters determined from the best fit of the
theoretical functions to six partial time correlation functions obtained from AIMD. In this case, the proposed
approach allows to satisfy the exact sum rules within the accuracy of the fourth frequency moment of partial
dynamic structural factors. The fitting parameters additionally satisfy the Cauchy-Schwarz inequalities, since they



are correlation functions, that is another advantage of this methodology. In practice, the application of the
proposed approach based on the eight-variable thermo-viscoelastic model proved to be effective for recovering
the time correlation functions, that confirms the validity of the theoretical approach. The quality of recovering the
partial current-current and density-density time correlation functions for Al203 oxide melt and NaCl ionic melt
was proven and the dispersions of collective excitations were obtained using the developed methodology. An
analysis of features of the dispersion of acoustic and optic-like collective excitations was carried out for Al203
oxide melt and NaCl ionic melt. A comparison with the dispersion of collective excitations obtained from the six-
variable viscoelastic approximation was made. It is shown that the viscoelastic model is not able to correctly
recover the behavior of the time correlation functions and the dispersion of collective modes. However, within the
framework of the proposed eight-variable methodology, an additional branch of propagator excitations in the
long-wave region was obtained, which allowed us to recover the time correlation functions obtained from AIMD
very well. The dispersion and attenuation of the three propagator eigenmodes branches are compared with
numerical estimates from the peak positions of the corresponding current spectral functions in order to
rationalize the role of longitudinal acoustic (LA), longitudinal and transverse (LO and TO) optic-like excitations in
the collective dynamics of binary melts. For ionic melts NaCl and Al203, it is found that an additional branch of
eigenmodes obtained from the eight-variable model coincides well with the TO excitation frequencies. This
indicates a possible coupling of longitudinal and transverse dynamics in the long-wavelength region for ionic
melts, the mechanism of which currently requires a construction of new theoretical models with non-local (with
different wavenumbers) mode coupling. Transverse collective excitations in a Kob-Andersen model binary fluid are
investigated for different mass ratios R at a fixed fluid density. An increase in frequency of transverse optic-like
modes and an increase of the propagation gap for shear waves with R are found. A comparison of the computer
simulation results with the theoretical expression for the propagation gap for shear waves in simple fluids shows
that the theory of pure fluids is not applicable to describe the propagation gap for shear waves in binary fluids due
to the existence of cross-correlations between the fluctuations of the total mass and mass-concentration
currents. A 4-variable dynamical model for the transverse dynamics of binary fluids is proposed and solved
analytically in the long-wave region with an explicit consideration of such cross-correlations. The equation for the
propagation gap for shear waves in binary fluids is obtained, which allows to explain the increase and
disappearance of the shear wave gap with the R.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy
CrpareriyHui NpiopUTETHUI HANIPSIM iHHOBaILiHHOI AiSIJIBHOCTI: He 3aCTOCOBYETHCS
ITizcyMKH AOCIiAKEHHS: TeopeTndHe y3arajbHEHHS | BUPIlleHHS BAK/IMBOI HAYKOBOI IIPOGIeMU
ITy6ostikamii:
¢ T. Bryk, M. Kopcha, G. Ruocco, Ab initio study of collective eigenmodes in dynamics of molten salts, Journal of
Molecular Liquids, 2023, Volume 387, 122622. https:/ /doi.org /10.1016 /j.molliq.2023.122622
¢ M. Kopcha, T. Bryk, J.-F. Wax, N. Jakse, Collective dynamics in liquid aluminium oxide: Ab initio analysis of

collective eigenmodes, Physical Review B, 2023, Volume 108, 224204.
https://doi.org/10.1103 /PhysRevB.108.224204

HaykoBa (HayKOBO-T€XHiYHa) IPOAYKILis:

ConiasIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:



OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. bpuk Tapac Muxannosud

2. Taras Bryk

KBasigikanis: . ¢.-m. ., npodecop, 01.04.02

I,quTl/I(biKaTop ORCID ID: 0000-0002-4360-0634

JoparkoBa indpopmanist:

IToBHEe HafIMeHyBaHHSI lopn,zmquoi ocoowu: [HCTUTYT Di3MKK KOHIEHCOBaHUX cucTeM HalioHanbpHO]

akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 05540014

Micuesnaxo,szemm: ByJ1. CBeHLiLbKOTO, 6ya. 1, JIpBiB, 79011, Ykpaina
dopma BIaCHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: Haujonanbha akaziemis HayK Ykpainu

InenTudikarop ROR:

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. CirocapeHko Opiit BikropoBuy

2. Yurii Slyusarenko

KBasidikamis: 1. ¢.-m. ., npodecop, akagemik HAH Ykpainu, 01.04.02
InenTudikarop ORCID ID: 0000-0001-5298-0731

JoparkoBa iHdpopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: HauioHanbHuit HAYKOBUIT LEHT "XapKiBChbKuMit (i3nKo-

TexHiYHMH iHcTuTyT" HanionasnpHOI akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 14312223

Micue3HaxoaKeHHS: By/. AkanemiuHa, 6yi. 1, Xapkis, XapkiBcbkuii p-H., 61108, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. IllTa6naBuit Irop IBaHOBUY

2. Thor Shtablavyi

KBasidikamis: g. ¢.-m. 1., nouenr, 01.04.02

InenTudikarop ORCID ID: 0000-0001-8027-9221

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOM: JILBiBCLKMII HaLliOHALHYI YHiIBEpCUTET iMeHi IBana Ppanka
Kopg 3a €IPIIOY: 02070987

MicueSHaxo,vieHHﬂ: ByJI. VHiBepcureTchka, 6ya. 1, JIpBiB, 79000, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpi3Buie Im'sa I1o-6aThKOBI:

1. Tokapuyk Muxaino BacuiboBud

2. Mykhailo Tokarchuk

KBasigikamis: 1.¢.-m.H., nmpodecop, 01.04.02
Inentudikarop ORCID ID: 0000-0002-9205-1790
JoparkoBa iHdpopmamist:

ITIoBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0COOH: [HCTUTYT PizsvKM KOH/IEHCOBaHUX cucTeM HarioHanbHoi

akazeMii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05540014

Micue3Haxo,q>KeHHﬂ: ByJI. CBeHLipKOro, 6ya. 1, JIpBiB, 79011, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YKpainu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. lllyp SIpocnas Mocudosuy
2. Yaroslav J. Shchur

KBasidikamis: n. ¢.-m. 1., cTapumii HayKoBuiA CriiBpo6iTHUK, 01.04.02
InenTudgikarop ORCID ID: 0000-0001-9662-6304
JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COOH: [HCTUTYT PizvKY KOH/IEHCOBaHUX cucTeM HarioHanbHoi

akazeMii Hayk YKpaiHu



Kog 3a €IPIIOY: 05540014

Micue3HaxoaKeHH: ByJI. CBeHLiLbKOTO, 6y7. 1, JIbBiB, 79011, VKkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajeMis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZOMOCTi

Bsacue IlpisBume Im'st [To-6aThKOBI MNanaran Tapac MukonanoBy
rOJIOBH pagu

Bsacue IlpisBume Im'ss [To-6aTbKOBI INanaran Tapac MukonaoBn
rOJIOBYIOYOTO Ha 3aciJaHHi

BiamoBiganbHHUH 32 MiZITOTOBKY Korrya Mapist

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




